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The experiments were performed on 448 Kondracki et al., 2011) . There are also studies available that indicate differences in the dimensions and shapes of spermatozoa within one species, but in different breeds of boars (Kondracki et al., 2005 , Saravia et al., 2007 Ejaculates of boars of different breeds also differ in their volume, sperm concentration, total number of spermatozoa in the ejaculates and, consequently, the number of insemination doses. The Polish Landrace is one of the most popular pig breeds in Poland. The boars of this breed produce good-quality ejaculates with considerable volumes and high sperm concentration, as well as with a high percentage of progressively motile spermatozoa. (Kondracki, 2003 ). An attempt was made in the present study to assess the correlation of ejaculate parameters, morphological sperm alteration incidence and morphometric sperm parameters with the sperm concentration in ejaculates of Polish Landrace boars.
MATERIALS AND METHODS
The study covered 448 ejaculates collected from 41 Polish Landrace boars used at an insemination centre. The ejaculates were collected manually (King & Macpherson, 1973) . The analysed ejaculates were collected from each boar at one-month intervals for approximately 10 months.
the criterion of sperm concentration in an ejaculate:
-group I -ejaculates with sperm concentration of less than 400 thousand/ mm 3 (138 ejaculates), -group II -ejaculates with sperm concentration of 400 -500 thousand/mm 3 (158 ejaculates), -group III -ejaculates with sperm concentration of more than 500 thousand/ mm 3 (152 ejaculates).
Directly after sampling, the ejaculates were analysed for the following physical parameters: ejaculate volume, sperm concentration and the percentage of 515 progressively motile spermatozoa per ejaculate. Ejaculate volumes were measured after isolating the gelatinous fraction. Sperm concentration in the ejaculates was determined with a photometric method using a Cassou spectrophotometer. Sperm motility was assessed under a microscope. Based on the results, the following calculations were made: the total number of progressively motile spermatozoa and the number of insemination doses to be obtained from one ejaculate. The total number of spermatozoa in the ejaculates and the number of insemination doses obtained from one ejaculate were calculated using WINSUL software.
Sperm morphometric measurements were taken from each boar and assessment of semen morphology was done on the basis of examination under a microscope of preparations made from fresh ejaculates. The method of slide preparation had been described in the previous work by Kondracki et al. (2006) . The preparations were examined under the light microscope Nikon E-50i using 100x immersion lens. Morphological structure of 500 spermatozoa was evaluated in each slide, indicating the number of spermatozoa with appropriate morphology and morphologically changed ones which were further divided into forms with for each slide, morphometric measurements were taken of 15 randomly selected spermatozoa characterised by normal morphology and well visible under the microscope. The measurements were done by means of a computer image analysis software (Screen Measurement v. 4.1, Laboratory Imaging S.r.o. LIM Czech Republic, Praha) following methodology prepared by Kondracki et al. (2005) . A total of 1 125 measurements were taken. They included: sperm head length, sperm head width, sperm head perimeter, sperm head area, sperm tail length, total sperm length. The following parameters of sperm morphology were calculated on the basis of the results of the morphometric measurements.
Statistical analysis
Study results were statistically processed using the analysis of variance according to the following mathematical model:
Y ij -trait value, µ -population mean, a i -sperm concentration effect, e ij -error. Table 3 shows the dimensions of spermatozoa in relation to the sperm concentration in the ejaculates. The data reveal certain interrelations between sperm dimensions and the sperm concentration in the ejaculates. In the ejaculates with the lowest sperm concentration of below 400 thousand/mm 3 (Group I), the spermatozoa had larger heads than the spermatozoa in the ejaculates with higher sperm concentrations. In the ejaculates with the lowest sperm concentration (Group I) sperm heads were longer and broader than in the ejaculates with higher perimeters and areas than the spermatozoa in the ejaculates with higher sperm the spermatozoa and the sperm concentration in the ejaculates (Tab. 4). The spermatozoa in the ejaculates with lower concentrations (Group I) had a higher ratio of head length to total sperm length and, at the same time, a lower ratio of tail length to total sperm length than the spermatozoa in Group II and III sperm concentration of 400-500 thousand/mm 3 , had a slightly different shape, as evidenced in the lower ratio of head perimeter to total sperm length as compared DISCUSSION The results of the present study have revealed a correlation of physical ejaculate parameters and morphological sperm parameters with the sperm concentration in the ejaculates. Differences were found in the quantitative ejaculate traits and morphological sperm parameters between ejaculates with different sperm concentrations. Ejaculates with the highest sperm concentration can be used to produce more insemination doses. At the same time, the ejaculates with the highest sperm concentration were observed for a greater number of spermatozoa with morphological anomalies which mainly resulted from a greater incidence between ejaculate sperm concentration and the percentage of morphologically well-formed spermatozoa and the percentage of pronuclei generated during The results of the present study reveal a relationship between the morphometric parameters of spermatozoa and the sperm concentration in the ejaculates. The spermatozoa in the less concentrated ejaculates had larger heads than the spermatozoa in ejaculates with higher sperm concentrations. This is et al., 2009) and Duroc boars (Kondracki et al., 2011) and bulls (Kondracki et al., 2012) which have demonstrated that spermatozoa have larger heads in ejaculates in which the sperm concentration is lower. On the other hand, analyses of dog semen have shown that ejaculates with lower sperm concentration contained spermatozoa that had shorter and narrower heads with smaller areas and perimeters in comparison with the spermatozoa in ejaculates with higher sperm concentrations (Rijsselaere et al., 2004 ). An effect of sperm concentration on morphometric parameters of spermatozoa has also been observed in stallions (Davis et al., 1993) . Stallions that provided highly concentrated ejaculates were found to produce spermatozoa with smaller and shorter heads than those of the spermatozoa in the less concentrated ejaculates. Analyses of pbz boars have shown that the sperms in ejaculates containing numerous spermatozoa had smaller head dimensions as ). These data show sperm head dimensions to be associated with fertility of mammalian males -the smaller the sperm heads, the higher is the male's fertility. The present work demonstrated spermatozoa contained in highly concentrated ejaculates to have smaller heads. In the context of observations made by Hirai et al. (2001) this may signify that the higher fertility of boars that produce highly concentrated ejaculates does not only stem from the high sperm concentration but also from the fact that they generate spermatozoa with smaller head dimensions. The shape and size of the sperm head can also be associated with sperm motility. The results obtained by Gil et al. (2009) suggest that the spermatozoa with deformed heads were less motile, which could eventually lead to reduced fertilization capacity. Sperm motility is also affected by the length of the sperm mid-piece and tail. The spermatozoa contained in semen with reduced motility were found to have shorter tails than those contained in semen with a high percentage of progressively motile spermatozoa (Noorafshan and Karbalay-Doust, 2010 ). The present authors sperm concentration in the ejaculates. There is a likelihood that spermatozoa with longer tails may be more competitive in comparison with other spermatozoa and capable of reaching the egg cell faster.
RESULTS
In conclusion, it should be stated that morphometric traits of spermatozoa are related with sperm concentration. The spermatozoa in the more concentrated ejaculates had smaller heads than the spermatozoa in the ejaculates with lower sperm concentrations. This can mean that the high fertility of males that produce highly concentrated semen does not only result from a high sperm concentration but also from the fact that the spermatozoa in such ejaculates have smaller heads. A correlation was also observed between the indices of the morphological structure of spermatozoa and ejaculate sperm concentration. The highest frequency of sperm concentration ranging from 400 to 500 thousand/mm 3 .
KORELACIJA FREKVENCE MORFOLOŠKIH ALTERACIJA SPERMATOZOIDA I NJIHOVE KONCENTRACIJE U EJAKULATIMA POLJSKIH LANDRAS NERASTOVA KONDRACKI S, BANASZEWSKA D, BAJENA M, KOMOROWSKA K i KOWALEWSKI D Ova ispitivanja su izvedena na 448 ejakulata dobijenih od 41 nerasta rase koncentracije spermatozoida. U ovoj studiji je napravljen pokušaj da se kod vrednosti sa koncentracijom spermatozoida. Potrebno je naglasiti da su vrednosti morfometrijskih parametara povezane sa koncentracijom. Spermatozoidi iz koncentrovanijih ejakulata su imali manje glave nego oni iz retkih. Ovo bi moglo
